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The purpose of this investigation was to determine if metal-bearing 
veins could be detected by 1) systematic collection and chemical analysis 
of vegetation growing above these veins and 2) by low-altitude color 
infrared (CIR) photography of this vegetation. Analyses revealed that 
the vertically-dipping, silicified veins contained abnormally high 
amounts of copper (Cu), molybdenum (Mo), lead (Pb), and zinc (Zn) and 
that the amounts of Cu, Mo, and Zn in the soil decreased with increas­
ing distance from the veins. Because the degree of accumulation of 
readily-available elements by vegetation is proportional to the amount 
of these elements in the soil and underlying bedrock, the amounts of 
Cu, Mo, and Zn should decrease with increasing distance from the veins. 
Douglas fir trees and herbs were sampled from above the veins and at 
several distances on either side of the veins. Because the infrared 
reflectance of vegetation stressed by abnormally high amounts of metals 
in the nutrient supply is different from that of nearby healthy vege­
tation, those growing above the metal-bearing veins should reflect less 
infrared radiation than the vegetation growing farther from the veins. 
It was hypothesized that this difference in infrared reflectance would 
be evident when photographed with CIR sensitive film. Low-altitude 
CIR 35 mm photographs were taken of this vegetation. 
The highest amounts of Cu, Mo, and Zn occurred in fir and herb samples 
growing above the veins and decreased with increasing distance from 
the veins. The amounts of these metals in the vegetation were propor­
tional to their amounts in the soil and veins, and would be useful 
biogeochemical indicators in the study area. The amount of Pb in the 
vegetation was low and did not vary with distance from the Pb-bearing 
veins. Based on the type of bedrock, plants present, and a relatively 
thick humic soil layer in the study area, it was concluded that slightly 
acidic and oxidizing soils rendered Cu, Mo, and Zn readily soluble and 
available to the vegetation and Pb largely unavailable. 
An infrared color difference was observed between the herbs growing 
above the veins and those on either side of the veins. An infrared 
color difference was not observed for the fir trees. However, these 
infrared reflectance differences for the herbs may not be related to 
the amount of metals in the soil and underlying bedrock but to differ­
ences in foliage density, species distribution, or grazing patterns. 
Low-altitude CIR photography of vegetation may be useful in detecting 
subsurface mineralization, but care must be taken to delineate all other 
variables which might affect vegetation reflectances. 
Director: Ian M. Lange 
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CHAPTER I 
INTRODUCTION 
Purpose and Scope 
Economic geologists are largely concerned with the detection of 
surface and subsurface mineral deposits. However, fewer and fewer 
deposits are being discovered by surface indications such as gossans 
or altered rock. Today the search is under way for ore concentrations 
concealed beneath valley fill, gravel pediments, and other types of 
blanketing soil cover or layers of unmineralized rock. 
Exploration geologists are continually developing new and improv­
ing existing methods for locating subsurface ore deposits. Their major 
goal is the development of prospecting techniques which significantly 
increase the expertise of the geologist on the ground without substan­
tially increasing exploration costs. 
One of the newest approaches in the search for relatively shallow 
ore deposits utilizes various remote sensing techniques. Black and 
white aerial photographs have long been used to delineate structures 
favorable for the localization of ore deposits. The use of color 
photographs is relatively new, especially those colors revealed by 
color infrared photography. An airborne infrared imaging system, by 
its ability to supply rapid coverage over large areas at low cost, can 
be an invaluable tool to the exploration geologist. 
Prospecting by systematic collection and chemical analysis of 
plants for their metal content (biogeochemical prospecting) and the 
delineation of favorable areas from the anomalous values is also used 
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in locating shallow subsurface ore deposits. This technique is based 
on the assumptions that a subsurface ore deposit may be reflected by 
an abnormally high metal content in the soil and that this high metal 
content in the soil may be reflected in some way by the plants. 
Healthy green foliage characteristically has a much higher reflec­
tance in the infrared region than in the visible, and appears a bright 
red or magenta when photographed with color infrared sensitive film. 
The presence of abnormal amounts of certain metallic elements in its 
nutrient supply stresses the vegetation and may decrease the amount 
of reflectance. Thus the greatest differences in reflection between 
healthy and stressed vegetation is apt to occur in the infrared region. 
If anomalous concentrations of metals at depth supply abnormal amounts 
of these metallic elements to the overlying plants, then this stressed 
vegetation may reflect less radiation than nearby healthy vegetation. 
One major goal of this study was to determine if low-altitude color 
infrared photography of vegetation could be an effective method for 
locating subsurface metal-bearing ore deposits. This was accomplished 
by searching for anomalous infrared reflectance from vegetation and 
comparing these findings with biogeochemical data obtained from the 
mineralized test area. Another goal was to determine if the biogeo­
chemical method could detect anomalous concentrations of metals in the 
underlying rock. This was achieved by comparing the biogeochemical data 
to rock and soil analyses and other geologic data gathered from the 
test area. 
Related Work 
Considerable investigative effort has been expended successfully 
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on applications of color infrared aerial photography in detecting 
physiologically stressed citrus, vegetable, and cereal crops (Norman 
and Fritz, 1965), (Benson and Simms, 1967), (Philpotts and Wallen, 
1969), and (Colwell, 1968). The value of these studies is that they 
permit corrective action to be taken before substantial crop loss. 
The use of infrared reflection of plants in mineral exploration, 
though, has received little attention and is confined to recent stu­
dies by Yost and Wenderoth (1968), Howard, et al. (1971), and Dorr, 
et al. (1971). 
Using a field spectroradiometer mounted on a forty-foot tower, 
Yost and Wenderoth measured and compared the directional reflectance 
of balsam fir and red spruce growing in mineralized and unmineralized 
soil. Analysis of soil material was used to determine anomalous and 
background mineral concentrations. Their results showed a consistent 
decrease in spectral reflectance of the anomalous group in the infra­
red portion of the spectrum (700 to 900 nm). They concluded that the 
decrease in the infrared part of the spectrum was indicative of an 
incipient stress condition of the leaves growing in the soil of anom­
alously high copper content. 
Howard and his co-workers, also using a spectroradiometer on the 
ground, measured the spectral reflectance of foliage of Pinus ponder-
osa (ponderosa pine) growing in soil of varying copper content. Their 
results indicated a positive correlation between near-infrared spectral 
characteristics and the mineral content of the soil. On the basis of 
their observations, they suggested an attempt should be made to 
relate their results to sensing from aircraft. 
4  
Probably the most recent publication concerning remote sensing 
in mineral exploration is by Dorr and his co-workers. In this U.S.6.S. 
publication, they reviewed the state of the art of botanical, geochem-
ical, and remote sensing mineral prospecting techniques in tropical 
areas and suggested needed research in these specific fields. 
CHAPTER II 
REMOTE SENSING 
Film Characteristics 
Remote sensing is defined as "sensing an object of phenomenon with­
out having the sensor in direct contact with the object being sensed", 
(Holz, 1973). Although the entire electromagnetic spectrum can be 
utilized, only the visible and near infrared portions, including the 
700 to 900 nm range, are considered here. Detection in the infrared 
can be accomplished with aerial photography. In fact. Brooks (1972) 
stated that the most spectacular advances in aerial photography have 
been in recording infrared reflected energy. 
Infrared reflection is photographed with specially sensitized 
film. This film records images both in the visible and in the infrared 
portions of the spectrum. Normal color film has three principal layers, 
one of which is sensitive to blue light, one to green, and one to red. 
When processed, colors are formed which closely match those of the 
original subject. With color infrared film, one layer is sensitive 
to green, one to red, and the third to infrared reflection. Because 
all three film layers are sensitive to blue reflection, a yellow filter 
is always used over the camera lens to absorb this blue light. Again 
after processing, the colors blue, green, and red are formed, but the 
blue has resulted from green exposure, green from red exposure, and 
red from infrared exposure. The term false-color has been applied to 
this color shift. The reader is referred to Fritz (1967), Tarkington 
and Sorem (1965), and the American Society of Photogrammetry (1960) 
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for more detailed discussions. 
Characteristics of Vegetation Reflectance 
An understanding of how solar radiation interacts with vegetation 
is necessary in order to interpret remote sensing data for mineral 
prospecting. The reflectance of a single green plant or tree is 
mainly a product of the combined reflectivities of the individual 
leaves. The reflection of a plant canopy is similar but is modified 
by variations in illumination angle, leaf orientation, and nonfoliage 
background surfaces such as soil (Knipling, 1970). 
When photographed on infrared sensitive film healthy vegetation 
characteristically appears a bright red or magenta, whereas stressed, 
damaged, or dying foliage tends to deviate from this red color. The 
features of plant leaves basically responsible for their unique red 
color in the photographs are their relatively low levels of visible 
reflectance and high levels of infrared reflectance. Figure 1 shows 
a typical spectral reflectance of a number of types of foliage. The 
curves show the percent reflectance of the energy incident to the vege­
tation as a function of the wavelength of incident energy over the spec­
tral range 400 to 900 nm. The different curves for the vegetation are 
low and very similar in the visible region of the spectrum. The peak 
in reflectivities at about 550 nm accounts for the green color of plants 
perceived by the human eye (Yost and Wenderoth, 1971). In contrast, 
the percent reflectance of foliage in the near-infrared region is 
generally quite high and records as red on infrared sensitive film. 
The reflectance spectra of a healthy tree and one stressed by anomalous 
concentrations of copper and molybdenum in the soil are shown in Fig-
7  
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Fig. 1. Spectral reflectance curves of various foliage types. 
From Fritz (1967). 
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Wavelength in Nanometers 
Fig. 2. Reflectance spectra of red spruce. Averages of 
percent directional reflectance for anomalous and 
background red spruce. From Yost, et al (1971). 
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ure 2. The reflectance in the near-infrared of the background tree 
is at a high level. However, the anomalous tree shows a uniform 
pattern of reduced reflectance. The characteristics of infrared 
reflection from vegetation pertinent to this study, then, are the 
high reflectivity in the infrared region relative to that in the 
visible, and the low reflectance value for the anomalous tree in the 
infrared relative to that of the background tree. These two phenom­
ena illustrate the value of a film sensitive in the infrared region 
for detecting stress induced by anomalous concentrations of metals in 
the soils on vegetation. 
Mechanisms of Vegetation Reflectance 
Detailed work on the physiological basis for infrared reflectance 
from healthy and stressed vegetation can be found in Knipling (1969, 
1970), Benson and Simms (1967), and Gausman, et al. (1970). Only a 
part of the incident solar radiation is reflected from a leaf. The 
remainder is either absorbed or transmitted. These three components 
are closely interrelated and must all be considered in order to under­
stand the physiological basis for leaf reflectance of infrared radia­
tion. 
Most of the visible radiation which falls upon live, green vege­
tation is strongly absorbed by the chlorophylls and other leaf pig­
ments in the upper layer of the leaf. Infrared radiation is not 
absorbed by the chlorophyll and is transmitted through the upper epi­
dermal layers and enters the internal cellular structure of the leaf. 
When this radiation reaches the spongy mesophyll cells and air cavities 
in the interior of the leaf, it is scattered and undergoes reflection 
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and refraction. Very little of this infrared radiation is absorbed 
internally, and between forty and sixty percent of it is reflected 
upward through the incident surface and constitutes what is called 
reflected radiation. Therefore, the important parameter in determin­
ing the level of infrared reflectance of a leaf is the total area of 
air-cell wall interfaces in and around the spongy mesophyll. These 
interfaces allow for backscattering, in effect producing the reflected 
radiation. 
Two hypotheses have been proposed to explain the decrease in infra­
red reflectance observed in damaged and stressed vegetation. The ori­
ginal idea emphasized the role of the spongy mesophyll and its large 
air cavities. It presumed that stress on the leaf caused partial 
destruction or collapse of the mesophyll. With collapse, the amount 
of internal air space is reduced and cell walls come together there­
fore eliminating many of the reflective interfaces. This decrease in 
total area of interfaces lowers the total amount of backscattering and 
reflected radiation. It has since been shown that the reflectivity 
of many stressed plants increases (Knipling, 1969). According to 
Knipling, the number of reflective interfaces may actually increase 
as adjacent cells split apart and as living cells shrink away from 
interior cell walls. 
The current theory, as proposed by Knipling (1970), considers the 
total reflectivity of the plant exposed to the camera and discounts 
the reflectance of individual leaves. Knipling suggests that the 
most important factors responsible for the reflection differences for 
healthy and stressed vegetation are leaf area and foliage density. 
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These factors arise from a direct loss of foliage, a suppression of 
plant growth, or a change in leaf orientation. Concurrent with reduc­
tion in leaf area are increases in shadows and nonfoliage surfaces such 
as branches and soil, which generally have low reflectivity. Even 
though the reflectance characteristics of the individual leaves may 
not differ greatly, the total infrared reflectance tends to decrease 
because of reduction in the infrared enhancement due to fewer multiple 
leaf layers and because of an increase in background exposure. 
Toxic Effect of Certain Elements on Plant Reflectance 
From the preceding section it is apparent that any physiological 
or morphological change in a plant may result in reduced infrared re­
flectance from that plant. Most morphological or mutational changes 
in plants are due to the toxic effects of certain elements in the sub­
strate (Brooks, 1972). There is extensive literature on the subject 
of toxicity of elements to plants. It is possible to make general con­
clusions concerning the effects of certain metals in plants and estab­
lish reasons for the effects which are produced. 
Elements in minute quantities are required in the normal metabollic 
processes of plant life. The ions of a number of elements interfere 
with rather than assist the normal metabolism of plants and this has 
an overall toxic rather than a nutritive effect. Changes produced in 
plants by abnormal quantities of certain elements in their nutrient 
supply are collectively referred to as toxicity symptoms and include 
subtle or dramatic variations in vitality, completeness of the develop­
ment cycle, growth and flowering cycles, growth abnormalities, and 
changes in physical form (Brooks, 1972). 
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Chlorosis of Leaves. One of the most useful guides to minerali­
zation is the presence of chlorosis in the vegetation. Copper and 
zinc in excess of normal concentration interfere with a plant's ability 
to assimilate iron, which is required for the production of chlorphyll. 
This produces chlorosis, or a yellowing of the leaves (Cannon, 1960), 
(Hewett, 1953), and (Yost and Wenderoth, 1971). Molybdenum in excess 
has also been observed to cause a yellow-orange chlorosis (Gruelach 
and Adams, 1967). 
Poisoning of Enzymes. The more electronegative metals such as 
copper, mercury, silver, and lead have a great affinity for occupying 
reactive sites for many enzymes. The enzymes are therefore unable to 
function and toxicity results (Somers, 1960). 
Reduction in Cell Membrane Permeability. Excess of the elements 
copper, lead, or mercury may reduce the permeability of the cell mem­
brane and prevent the free passage of the essential elements potassium, 
sodium, and organic molecules (Passow, 1961). 
Blocking of Vital Nutrient Pathways. Lead, uranium, and molybdenum 
are largely immobilized by precipitation in the root tissue of some 
plants. If the quantities of these elements in the soil solution are 
too great, the precipitated salts of these elements apparently impede 
the flow of solutions, and the plant does not grow normally (Hawkes 
and Webb, 1962). 
Changes in Physical Appearance. Variations in the physical form 
of plants can also result from excess of certain elements in their 
nutrient supply. These variations include double petal formation in 
plants growing in high zinc or lead soil (Malyuga, 1964), (Viktorov, 
1 3  
1961), elongated black spots on petals of some plants growing over 
copper-molybdenum deposits (Malyuga, 1964), and stunting or dwarfing 
of certain plants due to copper toxicity (Duvigneaud, 1958). 
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CHAPTER III 
BIOGEOCHEMISTRY 
Introduction 
An ore deposit at depth may supply to the overlying soil an abnor­
mally high amount of the metal or metals it contains. Consequently, the 
soil may provide a large amount of the same metals to the plant cover. 
The ore deposit may, therefore, under favorable conditions, be detected 
by the abnormally high concentration of these metals in the plants. If 
the plants are systematically collected and analyzed, the results may 
indicate a buried ore deposit. This technique of sampling, analyzing, 
and interpreting the vegetation cover is called biogeochemical pros­
pecting. 
Several topics are considered in order to make clear the relation­
ship between trace metals in plants and the original supply in the under­
lying rocks. These include the formation of soils and the distribution 
of elements in them and the accumulation of trace elements by plants. 
In addition, variables influencing biogeochemical prospecting will be 
considered. 
Development of the Biogeochemical Method 
Since its first use in Scandinavia and England by Brundin in 1939 
and in Russia by Tkalich in 1938, many investigators have used and con­
tributed information to the biogeochemical method of prospecting. 
H. V. Warren was the first to use the method in North America. While 
removing overburden from a possible mineral deposit in British Columbia 
in 1944, he noticed the way in which the roots of vegetation were in 
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contact with the mineralization. Since 1948, Warren and his co-workers 
in British Columbia have contributed much to the development of the 
biogeochemical method (Warren and Howatson, 1947), (Warren and Dela-
vault, 1948, 1948, 1952), (Warren, Delavault, and Irish, 1952), (Warren, 
Delavault and Fortescue, 1955). 
One of the first to apply the method in the United States was Har-
baugh (1950) who investigated metals in the soil and vegetation in the 
Tri-State Region. The United States Geological Survey was very active 
in refining the biogeochemical method in the 1950s and early 1960s. 
Helen Cannon and her co-workers were the principal investigators and 
carried out their research and exploration for uranium on the Colorado 
Plateau (Cannon, 1952, 1957, 1960), (Cannon and Kleinhampl, 1956). 
Since 1938, Russia has remained the major center for biogeochemical 
prospecting in the world. D.P. Malyuga has carried out much of this 
work and reviews the current status and methodology of biogeochemical 
prospecting in the U.S.S.R. (Malyuga, 1964). 
The most recent publication on the subject of biogeochemistry 
mineral exploration is by R.R. Brooks (1972). He covers many aspects 
of the method and its current usage in mineral exploration. 
The Distribution of Minor Elements in Soils 
One of the principal objectives in geochemical and biogeochemical 
exploration is the discovery of primary and secondary dispersion halos 
around ore deposits. A primary dispersion halo forms in the country 
rock surrounding or overlying the ore during mineralization. Secondary 
dispersion halos form during the weathering and erosion of an ore body 
and any associated primary halo. They occur in partially weathered 
country rock, soil, stream sediments, and dissolved salts in ground and 
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surface waters. A dispersion halo is, therefore, the area about an ore 
body whose concentration of ore metals is intermediate between that of 
the ore body and that of the unmineralized country rock or soil. Both 
types of dispersal patterns will usually be far larger aerially than the 
ore body and thus easier to locate. 
The formation of soil is a complex process dependent on many var­
iables such as the nature of the parent material, climate, topography, 
age of the developing cycle, and biologic activity (Buckman and Brady, 
1969). According to Malyuga (1964), the most active soil forming 
factors are climate and surface vegetation. Soil formation can, there­
fore, be considered as an advanced stage in the weathering cycle, during 
which time the bedrock is decomposed by chemical, physical, and biolo­
gical processes. 
The unique characteristic of soil is the arrangement of its con­
stituents and properties into horizontal layers or horizons. The dis­
tribution of elements in the soil profile is dependent on their respec­
tive mobilities in the soil solution. The parent rock determines the 
available elements but the vertical and horizontal movement of material 
in solution and suspension determines their distribution. Table 1 lists 
the average abundance and range of several elements in soils. 
Since the mobility of the elements in solution is dependent on 
their solubilities, factors such as Eh, pH, and stability of their host 
minerals strongly influence the movement of elements in the soil. 
Table 2 lists the relative mobilities of elements in various environ­
ments. 
There are two methods by which elements become distributed in the 
17 
TABLE 1 
AVERAGE AND MEAN REPORTED FOR ELEMENTS IN SOILS 
Shacklette, et al. 
(1971) 
Element average(range) 
Hawkes and Webb 
(1962) 
average(range) 
Bowen 
(1966) 
average(range) 
A1 66,000(700->100,000) 71,000(10,000-300,000) 
Ag 0.1( ) 0.1(0.01-5) 
Ba 554(15-5,000) 500(100-3,000) 500(100-300) 
Ca 24,000(150-320,000) 13,700(7,000-500,000) 
Co 10(3-70) 8(1-40) 8(1-40) 
Cu 25(1-300) 20(2-100) 20(2-100) 
Fe 25,000(100->100,000) (14,000- 38,000(7,000-550,000) 
40,000) 
Hg (0.03-0.3) 0.03(0.01-0.3) 
K 23,000(50-70,000) 14,000(400-30,000) 
Mg 9,200(50-100,000) 5,000(600-6,000) 
Mn 560(1-7,000) 850(200-3,000) 850(100-4,000) 
Mo —- (3-70) 2(0.2-5) 2(0.2-5) 
Na 12,000(500-100,000) 6,300(750-7,500) 
Ni 20(5-700) 40(5-500) 40(10-1,000) 
Pb 20(10-700) 10(2-200) 10(2-200) 
Ti 3,000(300-15,000) 4,600(1,000-10,000) 5,000(1,000-10,000) 
U 1( ) 1(0.9-9) 
Zn 54(25-2,000) 50(10-300) 50(10-300) 
(Data are in parts per million; , no data available) 
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TABLE 2 
RELATIVE MOBILITIES OF THE ELEMENTS IN THE SOIL ENVIRONMENT 
From Andrews-Jones (1968) 
Relative Environmental Conditions 
Mobili­
ties Oxidizing Acid 
Neutral to 
Alkaline Reducing 
Very 
High 
CI, I, Br 
S, B 
CI, I, Br 
S, B 
CI, I, Br 
S, B 
Mo,V,U,Se,Re 
CI, I, Br 
S, B 
High 
Mo,V,U,Se,Re 
Ca,Na,Mg,F,Sr, 
Mo,V,U,Se,Re 
Ca,Na,Mg,F,Sr, Ca,Na,Mg,F,Sr, Ca,Na,Mg,F,Sr, 
Ra,Zn Ra,Zn,An 
Cu,Co,Ni,Hg,Ag 
Ra Ra 
Medium Cu,Co,Ni,Hg,Ag, 
As,Cd,An As, Cd As, Cd 
Si, P, K Si, P, K Si, P, K Si, P, K 
Low Pb,Lt,Rb,Ba,Be 
Bi,Sb,Ge,Cs,Tl 
Pb,Li,Rb,Ba,Be 
Bi,Sb,Ge,Cs,Tl 
Pb,Li,Rb,Ba,Be 
Bi ,Sb,Ge,Cs,Tl 
Fe, Mn Fe, Mn Fe, Mn 
Very 
Low 
to 
Immobile 
Fe, Mn 
A1,Ti,Sn,Te,W 
Nb,Ta,Pt,Cr,Zr 
Th,Rare Earths 
Al,Ti,Sn,Te,W 
Nb,Ta,Pt,Cr,Zr 
Th,Rare Earths 
A1,Ti,Sn,Te,W 
Nb,Ta,Pt,Cr,Zr 
Th,Rare Earths 
Zn 
Cu,Co,Ni,Hg,Ag 
Au 
A1 ,Ti,Sn,Te,W 
Nb,Ta,Pt,Cr,Zr 
Th.Rare Earths 
S, B 
Mo,V,U,Se,Re 
Zn 
Cu,Co,Ni,Hg,Ag 
As,Cd,Au 
Pb,Li,Rb,Ba,B6 
3i,Sb,Ge,Cs,Tl 
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soil profile. They are 1) surface-ward migration of ions by mass trans­
port and diffusion and 2) downward movement by leaching. The movement 
of metal ions toward the surface is dependent on mechanisms of mass 
transport and on the rate of diffusion of ions in an aqueous solu­
tion. Mass transport of ions occurs during periodic fluctuation in the 
ground water level and by capillary action, especially in environments 
subjected to wet and dry seasons. The upward movement of ions by diffu­
sion occurs by virtue of a concentration gradient. Surface vegetation 
absorbs elements through its root system. The ions are mobilized and 
attracted from clay minerals to the root due to the formation of cer­
tain acids by the roots. According to Malyuga (1964), the average 
depth to which roots are capable of mobilizing element nutrients is 
from three to five meters. In order to replace the elements lost to 
the growing plant, ions diffuse toward the root, both laterally and 
from depth, depending on the competition with nearby plants. The sur­
face-ward diffusion of element nutrients, therefore, is a continuous 
process, whose rate of diffusion depends on the amount of an element 
being absorbed by the roots. 
Elements can also be leached downward through the soil profile. 
The availability of ions for leaching is mainly due to the accumulation 
of elements in the upper humic layers of the soil profile. This near-
surface concentration of elements is a function of the vegetation cover. 
When elements enter the root system, they travel to the leaves and wood 
of plants where they are deposited as metal complexes. When the plant 
dies or sheds its leaves the decay of the tissue results both in the 
production of humic acid and in the accumulation of metallic species 
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in the topsoil. The more soluble components are leached by rainwater 
and recycle through the soil profile. Less soluble and insoluble com­
plexes are retained in the upper humic layers of the soil. The effect 
of this process is to produce a very significant enrichment of certain 
elements in the topmost layer of the soil. This biogenic enrichment 
is known as the "Goldschmidt enrichment principle" (Goldschmidt, 1937). 
Soil-Plant Transfer of Elements 
An element is considered essential for plant life if 1) the plant 
fails to grow normally and complete its life cycle in the absence of 
that element or 2) that element is shown to be a constituent of a mole­
cule which is known to be an essential metabolite (Bonner and Varner, 
1965). In addition to carbon, oxygen, and hydrogen, the macronutrient 
elements essential to plant life in relatively large amounts are nitro­
gen, phosphorus, sulfur, potassium, calcium, and magnesium. Those nec­
essary in relatively small amounts are termed the micronutrients and 
are iron, boron, chlorine, copper, manganese, molybdenum, and zinc. 
Although certain species of plants require more elements than those 
listed above, these are necessary for the normal growth of all plants. 
There are two general roles played by trace elements (Gruelach and 
Adams, 1967). Many are used in the synthesis of enzymes, coenzymes, and 
other compounds essential to the life of the plant. In addition, the 
ions themselves may act as coenzymes, enzyme activators, or in some 
other catalytic function. The role of the essential elements is sum­
marized in Table 3. 
Elements pass into vegetation either from rock or from soil derived 
from rock. The root systems of plants are responsible for the absorp-
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TABLE 3 
PHYSIOLOGICAL ROLES OF ESSENTIAL ELEMENTS IN PLANTS 
(FROM BROOKS, 1972 AND BUCKMAN AND BRADY, 1969) 
Element Physiological Role 
Calcium Component of calcium pectate in cell walls and required 
for cell membrane stability 
Chlorine Electrolyte function 
Copper Enzyme activator, "electron carrier", in enzyme system, 
respiration and utilization of iron 
Iron Found in prosthetic group of respiratory enzymes, "electron 
carrier" 
Magnesium Metallic constituent of chlorophyll 
Manganese Enzyme activator, active in nitrogen transformations 
Molybdenum Found in metal1 oflavin enzymes, "electron carrier", active 
in nitrogen transformations 
Nitrogen Component of proteins 
Phosphorus/ Found in nucleic acids, phospholipids, and coenzymes 
Potassium Osmotic regulator in cell vacuoles 
Sulfur Found in proteins 
Zinc Found in metalloenzymes, active in formation of growth hor­
mones and in reproduction process 
TABLE 4 
DEPTH OF ROOT PENETRATION OF WOODY PLANTS AND SHRUBS IN DIFFERENT 
CLIMATIC ZONES (FROM MALYUGA, 1964 AND CANNON, 1964) 
Zone Plant Depth of Roots (cms.) 
Tundra Dwarf Birch (Betula nana) 28 
Larch (Larix sibirica) 40 
Sedge (Carex globularis) 104 
Forest Podzol Birch (Betula verrucosa) 350 
Fir (Picea excel sa) 200 
Pine (Pinus silvestris) 250 
Aspen (Populus alba) 300 
Forest-Steppe Birch (Betula verrucosa) 402 
and Steppe Pine (Pinus silvestris) 380 
Elder (Sambucus) 350 
Clover (Trifolium repens) 200 
Desert and Golden Milk Vetch (Astragalus aureus) 1000 
Semidesert Big Sage (Artemesia tridentata) 915 
Gambel Oak (Quercus gambelii) 854 
Greasewood (Sarcobatus vermiculatus) 1740 
Ponderosa Pine (Pinus ponderosa) 2440 
Juniper (Juniperus monosperma) 6100 
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tion of the element ions. They act, "as powerful sampling mechanisms, 
collecting aqueous solutions from a large volume of ground below the 
surface", (Hawkes and Webb, 1952). Epstein (1970) reported that the 
root length of a single secale cereale (winter rye plant), grown for 
four months in an experimental container, reached 387 miles; the total 
surface area was 2,554 square feet. 
Malyuga (1964) claimed that the main advantage of biogeochemical 
prospecting compared with geochemical methods was the ability of the 
roots to penetrate through a nonmineralized overburden. He concluded 
that the deeper the root system, the greater the possibility that the 
plant is in contact with the ore deposit dispersion halo or, more 
rarely, the ore deposit itself. The depth of the root system is largely 
a function of the type of plant, the ambient climate, and soil type. 
Table 4 lists the root depth of various plant species growing in dif­
ferent climatic zones. 
The roots in contact with the soil solution absorb from it nut­
rients that occur as firmly bound exchangeable cations and anions or 
on organic matter as metallo-organic complexes (Mitchell, 1972). The 
cations and anions in the soil substrate are bonded to one another 
electrostatically and this safeguards them from excessive mobility. 
The element nutrients are usually present at quite low concentrations 
in the soil solution. Since the diffusion of replacement ions is a slow 
process, the soil can become depleted of certain nutrient ions in the 
zone of root contact. A root system in contact with an ore deposit 
dispersion halo, though, will continue to absorb available metallic 
elements from that deposit. 
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Roots perform three functions in plant growth (Epstein, 1970): 
1) the absorption of nutrients from the soil solution; 2) the upward 
transport of water and nutrients that are carried throughout the plant 
in its circulatory system; and 3) the downward movement of sugars and 
other products of photosynthesis to the parts of the plant which do 
not engage in photosynthesis. Only the first two functions will be 
reviewed. 
The surface of the root tip and the immediately surrounding solu­
tions are characterized by a relatively high acidity. The cause of 
this acid condition is the reaction of carbon dioxide from the plant 
with water in the soil solution and the presence of various organic 
acids. Abundant hydrogen ions are thus available which set up active 
cation-exchange reactions between the clay minerals of the soil and the 
surface of the roots. On the surface of clay minerals, hydrogen ions 
exchange for metal ions, which are free to diffuse through the soil 
moisture to the roots (see Figure 3). When the metal ions reach the 
outer surface of the root tip, they exchange for hydrogen ions, which 
are released to repeat the process (Hawkes and Webb, 1962). 
Ions move across the root cell membrane with the help of nutrient 
"carriers". The carrier for a given element is energized by the pro­
cess of respiration and selectively binds ions from the soil solution. 
The carriers form complexes with the ions in solution and move across 
the cell membrane and release the ion into the interior of the root. 
The movement of inorganic matter throughout the structure of the 
plant is a response to the plant's nutritional requirements. In the 
upper part of the plant, the nutritive elements are commonly enriched 
ROOT (™™BACE) SOIL 
SOIL SOLUTION SOLUTION SOLUTION 
®(M) 
Mineral 
Colloid! \ rcolloid 
UNTAPPED 
SOIL ZONE 
M)1 © 
Fig. 3. Diagram of transfer of trace elements from the soil to the plant root. 
From Mitchell (1972) and Malyuga (1964). l)metal ions; 2)hydrogen ions 
3)sphere of chemical interaction. 
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in actively growing cells, particularly in the seed structures and 
growing tips. The distribution of nutrient elements changes with 
changing requirements of the plant. The circulatory system there­
fore maintains a dynamic balance whereby inorganic material can be 
supplied to fulfill the nutrient needs and also removed when it is 
no longer needed (Hawkes and Webb, 1962). 
Factors Affecting Biogeochemical Prospecting 
There are two main requirements for successful biogeochemical 
prospecting (Brooks, 1972). The first is that the plant species 
selected for the project should accumulate the desired element or ele­
ments. Second, the degree of its accumulation should be in direct 
proportion to the concentration of the element in the soil. Besides 
pH of the soil and depth of the root system, the most significant 
factors which affect the concentration of elements in the plants are 
variations between plant types and plant organs, seasonal variations# 
in element content, and contamination problems. Less significant 
variables include the topography of the area, the rainfall of the 
area, and the health of the plant. 
Type of plant sampled. A wide variety of trees and shrubs have 
been utilized successfully in biogeochemical prospecting. Because 
different species of plants growing under similar conditions take up 
different amounts of inorganic material from the soil, it is important 
that the same species of plant be collected throughout the survey area. 
In order to be suitable for collection, the plant species must also be 
identifiable. Warren, Delavault, and Irish (1952) found that certain 
plant species were difficult to identify unless the fruit was present. 
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The same authors found pine trees to be particularly easy to identify at 
nearly all times of the year. A final consideration is whether the par­
ticular species is continuously distributed in the area of investiga­
tion. Plants are distributed in accordance with many ecological con­
trols. For example. Cannon (1964) found the distribution of plants to 
be controlled by topography and groundwater conditions in the Yellow 
Cat area of Utah. 
Plant organ sampled. The part of the plant selected is also 
critical. Most of the absorbed elements go to the younger, actively 
growing parts of the plant, where the demand is greatest. Therefore, 
these parts contain the highest concentration of metals and are the 
most satisfactory to sample. 
Carlisle and Cleveland (1958) have shown that in North American 
vegetation the elemental content of tree organs decreases in the se­
quence leaves, twigs, cones, wood, roots, and bark. Warren and Dela-
vault (1949) have reported that, for at least copper and zinc, needles, 
cones, and leaves give the most consistent data. They also showed 
that organs will lose much of their elemental content with age. The 
most consistent concentration of metals were obtained from twigs of 
one to three years old and with diameters between one-eighth and one-
quarter inch. 
Large trees, in particular, present another sampling problem. 
Because there is a longitudinal passage of inorganic material from the 
roots of one side of the tree to the limbs on the same side, the ele­
ment content of the leaves can vary greatly from one side to the other 
depending on the location of the mineralized ground (Cannon, 1964). 
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Also, it has been shown that some elements occur in appreciably smaller 
amounts in the crown organs versus those of the lower boughs of the 
tree. Therefore, not only should the same organ of the same age be 
consistently sampled but also it should be taken from the same height 
around the complete circumference of the tree. 
Seasonal variation in elemental content. There is evidence that 
the elemental content of certain plant organs, particularly leaves, is 
influenced by seasonal factors. McHargue and Roy (1932) have reported 
that the content of many elements in the younger organs of plants in­
creases until blossoming, after which there is a gradual translocation 
of these nutrients back to the trunk and roots of trees. 
A many-fold increase or decrease in the content of a particular 
element from one part of the year to another is not uncommon. For 
example, the uranium content of most evergreen species on the Colorado 
Plateau rises during the growing season, but falls in most deciduous 
species (Cannon, 1964). Malyuga (1964) has reported that concentrations 
of many elements in the fall are two to three times greater than in the 
spring for certain plants in the U.S.S.R. Species exhibiting a seasonal 
variation in metal content must therefore be collected over a relatively 
short period of time. 
Contamination problems. A plant contaminant is any foreign mater­
ial collected on the plant organs or in the soils. The main way in 
which plants are contaminated is by windblown material from smelters, 
mine dumps and workings, and highways. Cannon and Bowles (1962) showed 
that soils and plants growing within fifty feet of a paved road con­
tained two to three times the lead concentration as did similar material 
more than three hundred feet from the pavement. They also found an 
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increase in copper, zinc, and cadmium which could be related to the 
transport of ore material on the highway. Cannon (1960) stated that 
ore trucks can add one to two parts per million of uranium to vegeta­
tion and that a mill can increase the content of this element in 
trees by a factor of one thousand. 
Therefore, sampling must be done where contamination is likely 
to be least and preferably from plant organs with the least amount of 
surface area exposed to contamination, such as stems and twigs (Car­
lisle and Cleveland, 1958). 
CHAPTER IV 
GENERAL INFORMATION ABOUT THE TEST AREA 
Location and Accessibility 
The area under investigation is located in Section 32, Township 3 
North, Range 9 West, Montana Principal Meridian and on Lone Tree Gulch 
drainage in the German Gulch mining district (see Figure 4). The area, 
commonly known as the Mooney Claims, is accessible from Butte via 
Highway 91 south to the Silver Bow exit thence four miles west past the 
Stauffer Chemical Company over secondary and mountain roads. 
Topography and Climate 
The area lies ten miles west of the Continental Divide in the 
Pioneer Mountains. The topography is moderately rugged with elevations 
ranging from 6000 feet to 6700 feet. Outcrops are extensive and numer­
ous with the granitic rocks of the area weathering into gentle slopes 
while aplite dikes and silicified fracture zones form prominent ridges. 
Numerous intermittent and permanent streams, which have dissected mod­
erately steep canyons and valleys, drain the area. These drain north­
ward into the Clark Fork River. 
The soil cover is shallow, ranging from two to ten inches on the 
flat mountain summits to thirty inches thick on the gentle slopes. 
It typically consists of a relatively thick organic layer underlain by 
a thinner, commonly 'gritty', B layer and grading into a heavily 
weathered granitic parent rock. The soil is covered mainly by abundant 
Douglas fir trees, big sage brush, and bluebunch wheatgrass. 
The yearly normal precipitation is 12.67 inches, most of which is 
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received in May and June. Temperatures infrequently reach 90 degrees 
Farenheit in the hottest month, July, and temperatures of zero and 
below have been reached as early as October and as late as April 
(Moen, 1954). The mean speed and direction of the wind are 7.9 miles 
per hour and from the northwest, respectively (Van Hook, 1974). 
Regional Geology 
The area under investigation lies in the southwestern portion of 
the Boulder batholith, although it is separated from the main mass by 
Tertiary beds and volcanics (see Figure 4). The Boulder batholith, an 
elongate granitic mass sixty miles in length and eighteen miles in 
average width, consists predominantly of the Butte quartz monzonite. 
Aplite and pegmatite dikes and irregular masses are found throughout 
the quartz monzonite. For additional information concerning the Boulder 
batholith, see Klepper, et al. (1971) and Tilling and Gottfried (1969). 
Silicified zones or "reefs" fill fractures which form prominent 
ridges above the weathered quartz monzonite. These silicified veins 
trend approximately east-west and are nearly vertical in dip. Aplite 
dikes similarly fill fractures but strike north-south and dip nearly 
vertically.Tertiary tuffs and rhyolites, occupying the northwest 
corner of Section 32 and continuing northward, cover the quartz mon­
zonite. 
Local Geology 
The principal rock of the area is quartz monzonite. Megascopi-
cally, the average composition is approximately 30 percent quartz, 
30 percent orthoclase, 30 percent plagioclase (An^g^g), and 10 percent 
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biotite and hornblende (Wright and Bieler, 1960). Locally the quartz 
monzonite is porphyritic, containing well-developed orthoclase pheno-
crysts up to four centimeters in length. 
Aplite is prominent in the area and outcrops as dikes and irre­
gular bodies. It is fine-grained and consists of alkali-feldspar and 
quartz with pegmatitic facies containing well developed tourmaline 
crystals (Moen, 1954). Brecciation of the aplite occurs throughout 
the area with a black, cherty, silica matrix cementing the angular 
fragments. 
The silicified veins are nearly vertical in dip and strike north 
70 degrees east to east-west (see Figure 5). These silicified veins 
or "reefs" consist of numerous parallel chalcedonic quartz veins 
ranging from several inches to three feet in width. Several periods 
of silicification, subsequent to recurrent movement along and breccia­
tion of the veins, have produced fragments of gray, brown, and black 
microcrystalline silica. The youngest silica is black and cuts and 
surrounds fragments of the other colors. 
The veins consist of amicrocrystalline quartz gangue containing 
sparsely scattered, very fine-grained sulfide minerals and uraninite. 
The sulfide minerals, mainly pyrite, sphalerite, galena, chalcopyrite, 
and stibnite accompany the uraninite, which occurs as a cement around 
sulfide-bearing breccia fragments and as a fracture filling in the 
black chalcedonic quartz. Other metals occurring in the microcrystal­
line quartz are silver, mercury, and molybdenum. 
The quartz monzonite adjacent to the cryptocrystalline silica 
veins is invariably altered. Silicification is strong directly adja-
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cent to the veins and, outward from the veins, clay minerals have 
formed from the feldspars. 
Selection of the Method at the Mooney Mine area 
The Mooney Mine area was selected for this study because 1) the 
geology is known and was mapped by Moen (1954, 1959), 2) the topo­
graphy including slopes and drainage, amount of rainfall, type of 
country rock, and soil structure and depth are reasonably constant 
throughout the survey area, 3) the area is covered by abundant Douglas 
fir trees and various herbs, 4) former mining activity had disturbed 
only a very small part of the area, and 5) the area was not contami­
nated by the nearby Stauffer Chemical Company plant. 
CHAPTER V 
PROCEDURE 
Low-Altitude Color Infrared Photography 
Color infrared photographs of the test area were taken in early 
June of 1974 and again in mid-September of the same year. Grasses 
and herbaceous plants growing on and adjacent to the metal-bearing 
veins were photographed in early June, their peak flowering period. 
A preliminary, high-altitude flight was made in June prior to the 
low-altitude flight. This flight was made to determine if the flight 
altitude made a significant difference in the infrared reflectivity 
received from the plants and to determine if infrared photographs taken 
with a sophisticated aerial camera significantly improved the quality 
of the infrared reflectivity recorded on the film. 
The high-altitude photographs were taken at 6000 feet above mean 
ground elevation from a Cessna 206. The camera used was a 70nmi Hulcher 
Aerial Camera with a six-inch focal length lens. This resulted in a 
photographic scale of approximately 1:12,000 (1 inch equals 1000 feet). 
The camera lens was mounted in a six-inch diameter hole in the bottom 
of the plane to provide vertical photography. Aerochrome Infrared 
Film 2443 was used. A Wratten 12 filter was placed over the lens to 
eliminate blue light. The high altitude photographs displayed little 
color differences in the vegetation and, therefore, neither the higher 
altitude nor the higher quality camera significantly improved the qual­
ity of the infrared photographs. 
The low-altitude photographs were taken with a Honeywell Pentax 
35 
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35 mm camera from approximately 1000 feet above mean ground elevation. 
This scale on the photographs is approximately 1:6,000 (one inch 
equals 500 feet). The camera was hand-held and photographs were taken 
out of the opened window. Flight lines were from east to west looking 
northerly at a near vertical angle. The film used was Kodak Ektachrome 
Infrared Film, type IE 135-20; which requires the same processing and 
developing procedure as color film. A series #7, Wratten 12 (minus 
blue) filter was attached to the lens. 
Douglas fir trees growing on and adjacent to the veins were photo­
graphed in mid-September because these trees have obtained their maxi­
mum foliage at this time of the year (Eddleman, 1974). The camera, film 
type, plane, and all other parameters were the same as those for the 
low-altitude flight made in early June. Both the high- and low-altitude 
photographs were taken in the absence of haze or clouds at approxi­
mately eleven o'clock in the morning. 
Field Collection 
The field procedure consisted of the collection of rock chip, soil, 
herb, and tree samples. The rock chip and soil samples were collected 
in June. Thirty vein samples were collected to show the distribution 
and intensity of mineralization along the silicified veins. These rock 
chip samples represent the average composition of the silicified veins 
at the sample point. 
Thirty-one soil samples were collected to determine the amount and 
extent of lateral migration of elements downslope from the vertically 
dipping silicified veins. Collection of soil material was made at three 
different locations along the veins and at intervals of fifty feet on 
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either side of the vein to a distance of two hundred and fifty feet. 
The samples were taken from the B layer (horizon) of the soil profile, 
ranging from twelve to eighteen inches deep depending on the maturity 
of the profile at the sample point. 
The vegetation samples were collected in early June and mid-Septem­
ber. They were collected to show the distribution and intensity of 
accumulation of minerals by the herbs and trees. This data was essen­
tial in order to 1) compare the amount of mineral uptake with the amount 
of infrared reflectance from the herbs and trees, 2) determine if 
there was a variation in element content with distance from the sili­
ceous veins, and 3) compare the amount of metallic elements in the 
vegetation with that in the veins. 
Herbaceous plants were sampled over a two-day period in early June. 
Those collected had vertical tap roots known to extend at least to 
bedrock (Eddleman, 1974). Herbs were taken from direclty above the 
vein and, when present, at intervals of one hundred feet on either 
side of the vein to a distance of two hundred feet. Twenty-five herb 
samples were collected, including nineteen Lupinus alpestris (silvery 
lupine), five Chrysothamnus nauseosus (rubber rabbitbrush), and one 
Astragalus spp.. 
Trees were sampled in early June and mid-September. Pseudostuga 
menziesii (Douglas fir) was the only tree species sampled because of its 
abundance in the area, continuous distribution, and ease of identifica­
tion. Also, Douglas fir had previously proven to be one of the most 
useful and reliable trees for biogeochemical investigations in the 
Pacific Northwest (Warren, et al., 1952). Root depth was not determined 
but penetration to bedrock was assumed. 
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The Douglas fir trees sampled were healthy and approximately fif­
teen to twenty feet tall. One to three year old stems were collected 
from the trees. They were sampled from three feet above ground height 
around the entire circumference of the tree. All other biogeochemical 
variables outlined in Chapter IV were kept as constant as possible. 
Sixty-one Douglas fir trees were sampled over a four-day period 
in mid-September. Twenty-six of those samples grew directly above the 
vein and thirty-five at distances of 50, 100, 150, and 250 feet either 
north or south of the east-west trending veins. Seventeen of the 
twenty-six sampled growing above the vein were also sampled in early 
June. These samples were collected to determine if a seasonal variation 
in element uptake by Douglas fir existed. 
One further procedure was carried out in the field. Mining acti­
vity in the Mooney Mine area had ceased twenty years prior to the pre­
sent study and therefore the chance of contamination from the few and 
sporadic mine dumps was presumed to be small. However, a fluoride-
emitting phosphorus extraction facility exists within four miles of the 
area at Silver Bow, Montana (see Figure 4). The presence of soluble 
fluoride in the soil exerts a definitely toxic effect upon seed germina­
tion and plant growth (Mitchell and Erdman, 1945). The presence of 
toxic levels of fluoride in the soil would severely affect the uptake 
of metallic elements by the vegetation and, thereby, alter the results 
of the study. 
In 1974, Charles Van Hook studied the content of fluoride around 
this particular phosphorus extraction facility. He found that the 
fluoride concentration in Aqropyron spicatum (bluebunch wheatgrass) and 
Douglas fir, growing two miles east and 1000 feet lower than the Mooney 
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Mine area, were 20 and 17 parts per million respectively. These values 
are approximately four times greater than the average concentration of 
several non-contaminated species growing in other areas in Montana. Two 
Douglas fir and two Artemesia tridentata (big sagebrush) samples were 
collected in mid-May to determine the concentration of fluoride in the 
vegetation of this study area. These four vegetation samples were 
analyzed with a specific fluoride ion electrode by Dr. Clancy Gordon, 
Department of Botany, University of Montana. In no case did the con­
centration of fluoride in this vegetation exceed twice that of the non-
contaminated samples. According to Dr. Gordon, this value is too low 
to affect the elemental uptake by the vegetation. Fluoride contamina­
tion by the phosphorus extraction facility, therefore, was not consi­
dered to be a problem in the Mooney Mine area. 
Analytical Methods 
The 35 mm color infrared film was processed locally and three by 
five inch color infrared prints made. The 70 mm film was returned as 
unmounted, continuous film strips. 
The rock chip and soil samples were sent to Rocky Mountain 6eo-
chemical. Inc., Salt Lake City, Utah, for copper, molybdenum, lead and 
zinc analyses. In addition, all Douglas fir samples collected from 
directly above the veins were sent away for copper, molybdenum, lead, 
and zinc determination. These included the seventeen firs sampled in 
early June and again in mid-September, plus the nine additional fir 
samples collected directly from above the vein in mid-September. 
The remaining thirty-five tree stem and twenty-five herb samples 
were first stripped of needles, washed and dried, then ground for 
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analytical determination. 2.5 grams of each sample were then dry 
ashed, reweighed, and then digested in nitric acid. Analysis for 
copper, molybdenum, lead, and zinc concentration was made with an AA6, 
Varian Atomic Absorption Spectrophotometer. For a detailed outline 
of the analytical technique, see Appendix A. 
CHAPTER VI 
RESULTS 
The geologic map of the Mooney Mine area (Figure 5) was enlarged 
and divided into three distinct vein-bearing areas in order to facili­
tate visual recognition of large metal concentration differences. 
Figure 6 shows the location of these three areas. The concentrations 
of metals in the rock chip, soil, Douglas fir tree, and herb samples 
were plotted on these maps at their respective collection sites. The 
elemental analyses of the samples are shown in Appendix B. 
The metal concentrations for each sample are plotted in histograms 
on Figures 7 through 18. Each element is considered separately so that 
large concentration differences in the many samples can more easily be 
recognized. The rock chip, soil, tree, and herb analyses were in­
spected in order to determine whether differences in metal concentra­
tions existed 1) between the collection traverses in the three vein 
areas and 2) between the samples within each traverse. Seventeen tra­
verses were examined containing 17 rock chip, 31 soil, 49 Douglas fir 
tree, and 24 herb samples. 
Rock chip and soil samples. Elemental analyses of the 17 rock chip 
samples indicate that the concentrations of metals in the veins vary 
considerably. Copper concentrations range from 5 to 270 parts per mil­
lion (ppm), molybdenum from less than 1 to 260 ppm, lead from less than 
10 to 700 ppm, and zinc from 5 to 940 ppm. Table 5 shows that the rela­
tive concentrations of copper, molybdenum, lead, and zinc in the vein 
samples are consistently highest in Traverses 3, 10, 11, and 13 and 
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TABLE 5 
RELATIVE ABUNDANCE OF ELEMENTS IN ROCK CHIP SAMPLES 
(H = High, I = Intermediate, L = Low; Based on 
values in Appendix B) 
Traverse 
(Sample No.) Copper Molybdenum Lead Zinc 
1 (2) L I L I 
2 (3) L L L L 
3 (13) I I I 
4 (27) L H L L 
5 (23) L L L L 
6 (26) L L L L 
7 (25) I H L L 
8 (24) L H L L 
9 (21) L L L L 
10 (28) I H H L 
11 (14) L I I H 
12 (15) I H L I 
13 (16) I H I H 
14 (17) L H L L 
15 (29) I H L L 
16 (30) I I L L 
17 (18) L H H L 
Low 0-30 ppm 0-5 ppm 0-30 ppm 0-25 ppm 
Intermediate 30-100 5-40 30-50 25-60 
High >100 >40 >50 >60 
(Data are in parts per million; Analyses by Rocky Mountain Geo-
chemical Corp.) 
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lowest in Traverses 2, 4, 6, 8, 9, 12, and 14. 
Inspection of Figures 7 through 18 reveals that the concentrations 
of copper, molybdenum, and zinc in Traverses 1 and 16 are higher in the 
soil samples near the vein than in the samples farther from the vein. 
Although only three traverses contained soil samples, these two exam­
ples show that the concentrations of these metals in the soil decrease 
with increasing distance from the veins. The samples in Traverse 6 
have generally low concentrations of the four metals. 
The concentrations of copper, molybdenum, lead, and zinc are thus 
generally highest in the silicified veins and, presumably due to the 
dispersion halo in the soil, decrease with increasing distance from 
the veins. The concentrations of these same metals in the soil and 
vegetation should likewise be highest in the vegetation growing above 
the veins and decrease with increasing distance downslope from the 
veins. 
Douglas fir tree and soil samples Inspection of the three vein-
bearing areas (Figures 7 through 18) reveals that large differences in 
metal concentration do exist between the samples within many of the 
traverses. Examination of Figures 7, 8, and 9 reveals that, in all 
traverses, the Douglas fir trees growing directly above the veins are 
highly enriched in copper as compared with the firs growing farther 
from the veins. The copper dispersion halo in the firs extends 
approximately 100 to 150 feet downslope from the metal-bearing veins. 
The trees and soils in Traverse 16 illustrate a relationship between 
a high copper content in the trees and a relatively high copper con­
tent in the soils. Traverse 6 illustrates an example of low copper 
45 
in the trees and low copper in the soil. This enriched concentration 
pattern in the trees indicates that the high quantity of copper in the 
soil would be easily recognized if copper concentration in Douglas 
fir were used to detect it. 
Figures 10, 11, and 12 show that the concentration of molybdenum 
in the trees growing directly above the veins is generally higher than 
the content in firs growing farther from the veins. The firs growing 
directly above the vein in Traverses 6 and 16 contain low concentra­
tions of molybdenum and those of Traverses 10 and 17 contain higher 
molybdenum content as compared with molybdenum in the firs growing 
farther from the veins. The shape of molybdenum concentration pat­
terns in the trees apparently reflects the relative concentrations of 
molybdenum in the soil. Tree and soil samples in Traverse 6 (Figure 
11) illustrate a relationship between low molybdenum content in the 
trees and a relatively low molybdenum content in the soil. It is in­
ferred, then, that a high concentration of molybdenum in the soil will 
be reflected by an enrichment of molybdenum in the overlying Douglas 
fir trees. 
Examination of Figures 13, 14, and 15 reveals that little relative 
differences exist between the concentrations of lead in the trees grow­
ing above the metal-bearing veins and lead content in the trees growing 
downslope from the veins. This 'flat' concentration pattern for the 
lead traverses is apparently a function of the low concentration of 
lead in the soil (See Traverses 6 and 16, Figs. 14 and 15). The low 
lead concentration patterns in the trees suggests that the Douglas 
firs do not reflect the concentration of lead in the underlying bedrock 
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and may not be a useful biogeochemical guide in this region. 
Figures 16, 17, and 18 show that the concentrations of zinc in 
trees growing on the veins range from high, for example Traverse 16, 
to low. Traverse 10, as compared with zinc concentration in the trees 
growing a distance downslope from the veins. This range in zinc 
concentration patterns apparently reflects the relative amount of 
zinc in the soil. Tree and soil samples in Traverse 6 illustrate a 
case of low zinc content in the soil yielding low zinc in the trees. 
Trees in traverse 16 illustrate a case where the zinc concentration 
is high, apparently reflecting a high concentration of zinc in the 
soil. High zinc concentrations in the soil are therefore easily 
recognized by enriched concentration patterns in the Douglas fir 
trees. 
For total metal content in the fir trees. Figures 7, 10, 13, 
and 16 and Appendix B show that the vein sample of Traverse 3 con­
tained 6 times more copper, four times more molybdenum, and twice as 
much lead and zinc than did the trees sampled farthest from the vein. 
In addition, the tree samples collected from above the vein in Tra­
verses 6, 7, and 8 of Vein Area 2 and in Traverse 17 of Vein Area 3 
contained much more copper, molybdenum, lead, and zinc than did the 
trees sampled farthest from the veins in these traverses (Figures 7 
through 18). The trees growing nearest to the veins in Traverses 3, 
6, 7, 8, and 17 will therefore be under a greater stress and should 
reflect less infrared radiation than the trees growing a distance 
from the veins in these traverses. 
Only in Vein Area 2 (Figures 8, 11, 14 and 17) are there traver-
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ses which have significant differences in their relative concentration 
of metals. The trees in Traverse 10 consistently contain higher con­
centrations of molybdenum, lead, and zinc than do those in Traverse 4. 
The molybdenum and zinc concentrations are three times greater and the 
lead approximately twice as great in the trees of Traverse 10 than in 
those of Traverse4(See Appendix B). The trees in Traverse 10 are 
under greater stress and are therefore expected to reflect less infra­
red radiation than those in Traverse 4. 
A search for anomalous color infrared reflectance, that is, color 
differences from the Douglas fir trees in all infrared slides and 
prints of Vein Areas 1, 2, and 3 was made. No significantly large 
color differences were observed. Where detectable, though, color 
infrared differences between the trees were not related to metal 
concentration differences. 
Herb and soil samples. Herbs growing above the vein contain 
either high or very low concentrations of copper, and high or inter­
mediate concentrations of zinc as compared with copper and zinc in 
herbs growing a distance downslope from the veins (Figures 7, 9, 16, 
and 18). These ranges of copper and zinc seen in the concentration 
patterns apparently reflect the relative amount of these metals in the 
soil. For copper, the herb and soil samples in Traverse 1 (Figure 7) 
show a relationship between low copper content in the soil and low 
copper in the herbs. A similar relationship exists for zinc, except 
zinc concentrations in these soil and herb samples are relatively 
intermediate. Apparently a high copper and zinc concentration in the 
soil is reflected by an enriched concentration pattern of these metals 
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in the herbs. However, the very low amount of copper in the herbs 
relative to that in the Douglas firs indicates that the herbs do not 
absorb as much copper as the firs and would not be as useful for 
biogeochemical prospecting. The concentration of zinc in the herbs 
is similar to that in the Douglas firs and would be as useful in de­
tecting zinc anomalies in the veins. 
Inspection of Figures 13 and 15 reveals that the low concentration 
of lead in the soil is reflected by little relative difference between 
the concentration of lead in the herbs growing above the vein and that 
in the herbs growing a distance from the veins. Using lead in herbs 
as an indicator of lead in the veins, then, is apparently not practi­
cal in the Mooney Mine area. 
Herbs growing above the veins contain either low or intermediate 
concentrations of molybdenum as compared with molybdenum content in 
herbs growing a distance downslope from the veins (Figures 10 and 12). 
Herb and soil samples on the north side of the vein in Traverse 1 
(Figure 10) illustrate a relationship between an intermediate concen­
tration of molybdenum in the soil and a relatively intermediate molyb­
denum content in the herbs. On the south side of the vein in this 
Traverse the concentration of molybdenum is low in the herbs and soils. 
This example indicates that the concentration of molybdenum in herbs 
varies according to the relative concentration in the soil in the 
Mooney Mine area and may be useful in detecting relatively high con­
centrations of molybdenum in the veins. 
For total metal content in the herbs. Figures 9, 12, 15 and 18 
show that the herbs in Traverses 11 and 13 consistently contain much 
more copper, molybdenum, lead, and zinc than do the herbs in Traverses 
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12 and 14. Inspection of Appendix B reveals that there are two 
times more copper, three times more molybdenum and zinc, and two to 
three times more lead in Traverses 11 and 13 than in Traverses 12 and 
14. A greater stress will therefore be on the herbs in Traverses 11 
and 13 than on the herbs in Traverses 12 and 14. Consequently, these 
herbs should reflect less infrared radiation than the herbs in Tra­
verses 12 and 14. 
A search for anomalous color infrared reflection from the herbs 
in all slides and prints containing Traverses 11, 12, 13, and 14 was 
made. Large color infrared differences were observed. However, in 
the vicinity of Traverses 11 through 14, color differences were subtle. 
Figure 19 is a composite diagram of the infrared photographs of this 
area. It shows areas of normal (reddish blue on the photographs) and 
low (dark red) color infrared reflection from the herbs. Examination 
of this diagram reveals that the herb samples in Traverses 12 and 14 
are in areas of normal color infrared reflectance. The herb samples 
collected from Traverses 11 and 13 are in areas of slightly decreased 
infrared reflectance. In the areas sampled where the metal concen­
trations In the herbs were highest, then, a small but detectable,de­
crease in the amount of infrared reflectance existed. 
The concentration of metals in the seventeen Douglas fir trees 
sampled in June and again in September are shown in Appendix C. 
Table 6 is a comparison of these concentrations. Examination of this 
table reveals that only copper and zinc concentrations in Douglas fir 
consistently varied from June to September. Fifteen of the seventeen 
Douglas fir trees contained fifty-four percent more copper and forty-
nine percent less zinc in September than in June. Only ten of the 
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seventeen Douglas fir samples contained more molybdenum and lead in 
September than in June. 
Finally, a comparison of the rock chip data (Table 5) with the 
vegetation data (Figures 7 through 18) shows that a relationship be­
tween the concentration of metals in the veins and the relative 
amount of these metallic elements in the vegetation does exist. 
The concentrations of copper, molybdenum, lead, and zinc are relatively 
high in both the rock chip and vegetation samples in Traverses 3, 
10, 11, and 13 and relatively low in the samples in Traverses 2, 4, 
6, 8, 9, 12, and 14. 
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TABLE 6 
SEASONAL 
LEAD, 
VARIATION 
AND ZINC 
OF COPPER, 
IN DOUGLAS 
MOLYBDENUM, 
FIR TREES 
June September No. of samples with 
increase or decrease 
(+) {-) 
Percent increase(+) 
or decrease(-) 
Metal Average Range Average Range No. of samples (June to Sept.) 
Copper 1118 435-1900 1497 950-2300 + 15/17 + 54% 
Molybdenum 4.3 1-23 4.3 1-14 + 10/17 + 171% 
Lead 159 60-450 195 60-550 + 10/17 + 104% 
Zinc 1171 175-3000 786 95-3400 - 15/17 - 49% 
CHAPTER VII 
INTERPRETATION 
Low-Altitude Color Infrared Photographs 
The results show that a slight decrease in infrared reflectance 
exists in areas where the concentrations of metals in the herbs were 
greatest. The Douglas fir trees, though, displayed no significantly 
large infrared reflectance differences. These results suggest that a 
relationship between the amount of infrared reflectance and the con­
centration of metals may exist for the herbaceous plants but not for 
the Douglas fir trees in the Mooney Mine area. One explanation for this 
phenomenon is illustrated in Figure 1, which shows the amount of infra­
red radiation reflected from grasses or herbs is approximately four 
times higher than the amount reflected from fir trees, at wavelengths 
between 700 and 900 nanometers. The amount of infrared reflectance 
lost from stressed herbs, those with toxic quantities of certain metal­
lic elements in their nutrient supply, will therefore be much greater 
than the amount lost from equally stressed fir trees. When photographed 
with infrared sensitive film, the color differences between stressed 
and unstressed herbs will be far larger and therefore much more easily 
recognized than the color differences between equally stressed and un­
stressed fir trees. 
In the Mooney Mine area, the concentration of metals in the vege­
tation and therefore in the siliceous veins is large enough to cause a 
slight decrease in the infrared reflectance from the stressed herbs but 
not large enough to cause a visible decrease in infrared reflectance 
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from the stressed firs. Assuming that the amount of infrared reflecti­
vity lost from the herbs and trees in Figure 1 is related to their 
concentration of metallic elements, the stress and therefore the con­
centration of metals in the firs of the Mooney Mine area would have 
to be increased approximately four-fold before a visible color differ­
ence from the stressed firs in the color infrared photographs could be 
observed. Unfortunately, no presently known quantitiative studies 
concerned with infrared color changes in stressed vegetation have been 
performed. 
An equally reasonable explanation for the herbs displaying both 
normal and decreased infrared reflectance in this area is species var­
iation. Communal gatherings of bluebunch wheatgrass within a big sage­
brush habitat are not uncommon and could cause the variation in infrared 
reflectance observed for this area (Eddleman, 1974). Also, because the 
stalks of dead bluebunch wheatgrass are resistant to chemical and phy­
sical breakdown, many more non-reflective surfaces will be present 
around these herbs and they will reflect less infrared radiation than 
herbs with stalks which breakdown and disintegrate yearly. 
The herbs on the veins may also reflect less infrared radiation 
than herbs on the lower slopes due to wildlife grazing patterns. Be­
cause the ridge-crests are more often bare of snow during the winter 
and therefore exposed to grazing than the hill flanks, the density of 
herbs will be lower on the crests and will reflect less radiation infra­
red than the lower slopes. 
Biogeochemical Prospecting 
The results obtained from determining the variation in metal con­
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tent with distance from the metal-bearing veins indicate that the 
concentrations of copper, molybdenum, and zinc in Douglas fir trees 
and molybdenum and zinc in various herbs do reflect, apparently 
linearly, the concentrations of these particular metals in the soil 
and also in the metal-bearing veins in the Mooney Mine area. Not only 
did the relative concentrations of these metals in the vegetation con­
sistently vary according to the concentrations in the soil and veins, 
but also, the vegetation growing above the vein consistently contained 
higher concentrations of these metallic elements than did the vegeta­
tion growing a distance downslope from the veins. These two observa­
tions support the hypothesis that a high concentration of readily avail­
able metals in the bedrock will be reflected by a relatively high con­
centration of these metals occurring in the vegetation growing above it. 
The availability of elements in the soil environment influences 
the elemental content of vegetation. Availability can be regarded as 
the mobility of elements in the soil environment with respect to plant 
activity (Hawkes and Webb, 1962). A review of Table 2 reveals that the 
mobility of elements in the soil environment is mainly a function of 
the pH and Eh of the soil. Variations in the soil pH and Eh will 
cause variations in the relative solubility of elements in the soil 
and hence the availability of those elements for uptake by the plants. 
However, the more mobile the element, the more susceptible it is to 
being leached from the soil. The main factors responsible for leaching 
are pH, intensity of weathering, rate of flow of water, and Eh (Hawkes 
and Webb, 1962). All these factors, then, affect the uptake and hence 
the relative concentration of elements in plants. 
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The results of the biogeochemical investigation in the Mooney Mine 
area indicated that the relatively high copper, molybdenum, and zinc 
content in Douglas fir trees growing above the siliceous veins reflected 
the high concentration of these metals occurring in the veins. A simi­
lar inference was made for molybdenum and zinc in the herbs. If no 
prior knowledge of the relative concentrations of metals in these veins 
existed, the results could be inferred as indicating a relatively low 
concentration of lead occurring In the veins. 
The most reasonable explanation for the low concentration of lead 
occurring in the vegetation growing above the lead-bearing veins is 
that the availability of lead in the soil is low. Because the amount 
of precipitation and soil thickness are relatively low in this area, 
the rate of flow of water and intensity of weathering were also pre­
sumed to be relatively low. Leaching of the lead due to high mobility 
is therefore not responsible for its low availability to the vegetation. 
Low mobility of lead in the soil is thus the cause of its low avail­
ability, and hence, relatively low concentration in the vegetation. 
Examination of Table 2 reveals that the mobility of lead is rela­
tively low in acidic and/or oxidizing soil environmental conditions. 
It also shows that copper, molybdenum, and zinc have relatively high 
mobilities in these soil environments. Based on the type of underlying 
parent rock, types of plants present, and the relatively thick humic 
soil layer, it is concluded that slightly acidic and oxidizing condi­
tions exist in the soil in the Mooney Mine area, rendering copper, 
molybdenum, and zinc readily available to the vegetation and lead 
largely unavailable. 
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Seasonal Variation 
Finally, these results indicate that, at least for Douglas fir 
trees, the elemental content in twigs is influenced by seasonal fac­
tors. Particularly large and nearly consistent are seasonal variations 
for the elements copper and zinc. Although substantial, increases in 
the amounts of lead and molybdenum were found in ten of the seventeen 
Douglas fir twig samples (from June to September). The collection of 
Douglas fir twigs, for biogeochemical prospecting purposes, must 
therefore be accomplished over a relatively short period of time. 
CHAPTER VIII 
CONCLUSIONS AND RECOMMENDATIONS 
Low Altitude Color Infrared Photography 
This study was undertaken to determine if metal-bearing veins 
could be detected by low-altitude color infrared photography of 
the vegetation growing above these veins. The detection of stressed 
vegetation by aerial infrared photography is based on the premise that 
their reflectivity is qualitatively and quantitatively different from 
that of healthy and vigorously growing vegetation. A plant leaf typi­
cally has a low reflectivity in the visible spectral region because of 
strong absorption by chlorophyll, and a relatively high reflectance in 
the near-infrared because of internal leaf backscattering of the radia­
tion. However, the primary basis for the detection of stressed vegeta­
tion by aerial infrared photography is not a change in the reflectance 
characteristics of the individual leaves, but a reduction in total 
leaf area exposed to the camera. Where toxic quantities of elements 
are present in the soil, the vegetation growing in this soil may lose 
vigor and may be evident when photographed using infrared sensitive 
film. It was therefore hypothesized that relatively high concentrations 
of metals occurring in the veins would stress the overlying vegetation 
and cause a large decrease in the infrared radiation reflected from 
this vegetation. 
35 mm low-altitude color infrared photographs were taken of both 
herbaceous plants and Douglas fir trees growing above and adjacent to 
the metal-bearing veins. The herbs were photographed in early June and 
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the trees in mid-September. The 35 mm color infrared photographs were 
then compared with the chemical analyses of the vegetation in order to 
determine if there was a relationship between the amount of infrared 
reflectance from the vegetation and the concentration of metals in the 
vegetation. 
The results show that a relationship between the amount of infra­
red reflectance and the concentration of metals may exist for the herbs 
but not for the Douglas fir trees in this study area. Because herbs 
reflect much more infrared radiation than firs (see Figure 1), these 
results were interpreted as indicating that the concentration of metals 
in the veins was large enough to cause a slight decrease in the infra­
red reflectance from the stressed herbs, but not large enough to cause 
a visible decrease in infrared reflectance from the stressed firs. 
The concentration of metals in the veins would have to be approximately 
four times higher before a visible color difference from the stressed 
firs in the color infrared photographs could be observed. 
It is recommended that further studies using low- or high-altitude 
color infrared photography of vegetation to detect subsurface minerali­
zation be attempted on other tree species. Figure 2 shows that the 
infrared reflectance from pine and possibly from many deciduous tree 
species, not present in the study area, would be more sensitive to 
stress induced by high concentrations of metals in their nutrient supply 
and, therefore, more practical for use in prospecting. It is also 
recommended that vegetation in areas of known mineralization be aerially 
photographed with infrared sensitive film before field collection of 
vegetation in the area is begun. The photographs can then be inspected 
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and areas of anomalous infrared reflectance can be checked on the site 
by chemically analyzing various vegetation growing within these areas. 
It is quite possible, though, that metal concentration is a minor 
factor responsible for the infrared color differences observed on the 
photographs. Other factors, including foliage density, species varia­
tion, and grazing patterns, may be equally effective in causing the 
reflectance differences. Therefore, care must be taken to delineate 
all other variables which might affect vegetation reflectance. 
Biogeochemical Prospecting 
Another objective of this study was to determine if metal-bearing 
veins could be detected by chemical analysis of the vegetation growing 
above these veins. The detection of subsurface mineral concentrations 
by the systematic collection and chemical analysis of vegetation is 
based on the premise that the degree of accumulation of readily-
available elements by vegetation is proportional to the concentration 
of those elements in the soil and underlying bedrock. Through the pro­
cesses of chemical, physical, and biological weathering, elements are 
mobilized from the country rock. The elements migrate horizontally 
and vertically in the soil solution. Roots present in the soil exert 
a powerful attractive force on the soil, extracting from it nutrient 
elements essential to the growth of the plant. These elements are 
transported upward through the plant to the actively growing parts. 
If a particular element exists in abundance in the soil, and is avail­
able, it too will be absorbed by the plant at a rate dependent on its 
abundance. An ore deposit supplying abnormal amounts of the metals 
it contains to the soil may thus be detected by the abnormally high 
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concentration of these metals in plants growing above or near the depo­
sit. It was hypothesized that the highest metal content would be found 
in vegetation growing directly above the vertically-dipping, metal-
bearing veins and the concentration of metals in the vegetation would 
decrease with increasing distance from the veins in gently sloping 
terrain. Fifty-five Douglas fir trees and twenty-four herbs were 
sampled from both above the veins and at several distances perpendi­
cular to them. Thirty-one soil samples and fifty-four rock chip 
samples were collected to determine the relationship between the con­
centration of metals in the vegetation and the concentration in the 
soil and bedrock. 
The results indicated that the highest concentrations of copper, 
molybdenum, and zinc occurred in Douglas fir trees growing directly 
above the veins and decreased with increasing distance from the metal-
bearing veins. The concentrations of molybdenum and zinc showed the 
same relationship in various herbs. These metals in the vegetation 
varied according to the relative concentrations in the underlying soil 
and veins in the study area and, therefore, would be useful in locating 
anomalous concentrations in the area. 
The observations that 1) the relative concentration of metals in 
the vegetation generally varied according to the concentration in the 
soil and 2) the vegetation growing directly above the veins consistently 
contained higher concentrations of the metallic elements than did the 
vegetation growing a distance downslope from the veins supports the 
concept that a high concentration of metals in the bedrock will be 
reflected by a relatively high concentration of the same metals in the 
vegetation growing above it. 
74 
A factor which can greatly influence the relative distribution of 
elements in the soil and, therefore, the availability of elements to 
the vegetation is the mobility of elements in the surface environment. 
Because the mobility of elements is a function of their solubilities, 
factors such as pH, Eh, amount of precipitation, topography, and degree 
of weathering can have a large effect on the elemental uptake by vege­
tation. 
From rock chip data, a relatively high concentration of lead had 
been shown to exist in the veins in the study area (see Appendix B). 
Prospecting by chemically analyzing the vegetation in the area, how­
ever, did not detect this lead anomaly. The relatively low concentra­
tions of lead occurring in the vegetation growing above the lead-bearing 
veins indicates that lead is not available to this vegetation in large 
quantities and, hence, has relatively low mobility in the soil in this 
area. Inspection of Table 2 reveals that lead has relatively low mobi­
lity and copper, molybdenum, and zinc have relatively high mobilities 
in acidic or oxidizing soil environments. Due to the type of bedrock, 
plants present, and a relatively thick humic soil layer (see Chapter 
IV), the soil in this study area was inferred as being slightly 
acidic and oxidizing, allowing copper, molybdenum, and zinc to be 
available to the Douglas fir trees, and lead apparently unavailable. 
The accumulation of elements by vegetation, then, is not only a 
function of the relative concentration of those elements in the under­
lying bedrock, but also, the availability (relative mobility) of these 
elements in the soil environment. It is therefore imperative that the 
biogeochemical prospector determine the pH, Eh, and other factors 
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affecting the solubility and mobility of elements in the soil, before 
inferring the relative concentration of metals in the underlying bedrock 
from the concentrations in the vegetation. 
Seasonal Variation 
Finally, it had been demonstrated in early studies (McHargue and 
Roy, 1932) and (Malyuga, 1964) that the elemental content of the younger 
organs of many tree species varied during the growing season. One to 
three year old twigs from seventeen Douglas fir trees were collected 
in June and again in September to determine if a seasonal variation in 
elemental content of this tree species existed. The results showed 
that the concentrations of copper, molybdenum, lead, and zinc in young 
twigs of Douglas fir trees do vary during the growing season. Copper 
content consistently increased and zinc content consistently decreased 
in these organs from June to September. The concentration of molybdenum 
and lead in Douglas fir increased in only slightly over half of the twig 
samples. Collection of the samples in a biogeochemical investigation 
using young twigs of Douglas fir trees should therefore be carried out 
over a relatively short period of time. 
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APPENDIX A 
ANALYTICAL PROCEDURE 
1) Washing - twigs stripped of needles are washed vigorously and rinsed 
in distilled water 
2) Drying - dried in oven for 48 hours at 24°C 
3) Grinding - Electric grinder to 1/40-inch mesh size 
4) Weighing - 2.5 grams weighed into porcelain crucible 
5) Dry ashing - dry ash in muffle furnace at 400°C for 24 hours then 
cool for 15 minutes 
6) Digestion - dissolve ash with 5 ml. of 6^ Hydrochloric acid 
7) Filtering - filter into 50 ml. volumetric flask and bring to volume 
with distilled water 
8) Analysis - by Varian AA6 Atomic Absorption Spectrophotometer 
(Analytical procedure from Stark, 1974). 
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APPENDIX B 
COPPER, MOLYBDENUM, LEAD, AND ZINC IN ROCK 
CHIP SAMPLES FROM THE MOONEY MINE AREA 
Sample Copper Molybdenum Lead Zinc 
1 25 170 40 150 
2 15 5 20 50 
3 20 1 20 25 
4 270 28 430 940 
5 80 39 700 360 
6 20 42 60 140 
7 70 36 30 50 
8 30 46 60 45 
9 25 1 60 25 
10 5 1 10 5 
11 5 4 10 15 
12 30 10 40 40 
13 210 8 40 40 
14 25 8 40 125 
15 70 70 10 55 
16 55 2600 50 70 
17 25 180 10 5 
18 25 320 500 25 
19 20 4 20 10 
20 10 6 20 25 
21 15 1 30 10 
22 140 2 40 70 
23 15 2 30 10 
24 20 59 10 10 
25 35 96 10 10 
26 20 37 10 10 
27 20 61 10 10 
28 60 99 180 5 
29 55 68 10 10 
30 30 22 10 15 
(Analyses by Rocky Mountain Geochemical Corp.; data are in parts per 
million) 
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APPENDIX B 
COPPER, MOLYBDENUM, LEAD AND ZINC IN SOIL 
SAMPLES FROM MOONEY MINE AREA 
Sample Copper Molybdenum Lead Zinc 
1 30 1 20 100 
2 20 <1 20 90 
3 15 <1 20 90 
4 40 <1 30 100 
5 15 <1 30 80 
6 30 <1 30 80 
7 35 <1 20 85 
8 35 <1 20 80 
9 35 <1 20 80 
10 30 <1 70 75 
11 30 <1 40 80 
12 140 <1 10 100 
13 50 <1 10 80 
14 35 <1 10 70 
15 30 <1 10 55 
16 140 14 10 80 
17 125 9 20 110 
18 140 2 20 85 
19 135 6 10 65 
20 100 4 20 90 
21 55 2 10 80 
22 50 2 20 85 
23 75 1 20 130 
24 60 <1 20 105 
25 100 1 30 160 
26 110 2 30 140 
27 60 1 20 95 
28 45 1 20 115 
29 55 6 20 80 
30 45 <1 20 90 
31 40 6 20 85 
(Analyses by Rocky Mountain Geochemical ; data are in parts per million) 
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APPENDIX B 
COPPER, MOLYBDENUM, LEAD, AND ZINC 
IN DOUGLAS FIR TREE SAMPLES FROM THE MOONEY MINE AREA 
Sample Copper Molybdenum Lead Zinc 
1 1300 1 550 3400 
2 1900 6 460 3300 
3 1600 2 130 595 
4 1700 2 110 875 
5 1400 10 130 880 
6 2300 8 210 1300 
7 1000 14 130 245 
8 2100 4 240 500 
8a 354 1 109 500 
8b 310 1 120 260 
9 1900 2 100 300 
9a 1408 1 47 120 
9b 1354 <1 120 260 
10 1200 2 462 215 
lOa 324 4 294 112 
lOb 214 3 280 90 
10c 248 <1 348 210 
11 2000 2 150 285 
12 1300 (1400) 4 (2) 90 (110) 225(245) 
13 1200 6 510 630 
13a 452 4 390 540 
13b 802 2 476 420 
13c 312 <1 358 630 
13d 300 <1 160 266 
14 950 2 330 120 
15 1600 8 90 385 
16 1000 2 180 1600 
16a 438 1 119 530 
16b 540 <1 162 500 
16c 436 1 111 440 
16d 388 <1 99 470 
17 1500 4 310 1100 
17a 1326 2 468 490 
17b 1058 2 458 430 
17c 352 <1 400 680 
17d 322 <1 316 540 
18 1400 6 550 985 
18a 870 1 280 680 
18b 762 1 292 560 
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APPENDIX B (Continued) 
Sample Copper Molybdenum Lead Zinc 
18c 706 1 648 655 
18d 324 <1 252 630 
19 1500 6 354 855 
19a 1362 6 170 655 
19b 1302 7 248 765 
19c 460 4 507 788 
19d 380 1 412 628 
20 1300 (1800) 2 (4) 130 (90) 670(280) 
21 1600 (1200) <1 (1) 130 (60) 2100(2100) 
21a 1420 <1 442 930 
21b 1370 <1 360 800 
21c 328 <1 356 790 
21d 358 <1 362 605 
22 1300 <1 490 340 
22a 312 1 298 250 
22b 266 <1 284 170 
22c 368 <1 510 372 
22d 172 <1 172 250 
23 200 8 380 815 
CI 1200 2 80 410 
C2 1100 4 5000 330 
C3 1300 2 70 280 
(Date are in parts per million; ( ), reanalysis) 
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APPENDIX B 
COPPER, MOLYBDENUM, LEAD, AND ZINC IN HERB 
SAMPLES FROM THE MOONEY MINE AREA 
Sample Copper Molybdenum Lead Zinc 
N2-1 96 3 68 460 
V2-1 162 1 93 695 
S2-1 110 <1 98 250 
N3-1 110 <1 58 450 
V3-1 126 <1 62 500 
S3-1 116 <1 72 370 
INI-3 148 <1 110 420 
Vl-3 244 <1 134 510 
lSl-3 206 <1 96 410 
2S1-3 172 <1 106 400 
2N3-3 310 1 176 1225 
1N3-3 516 1 288 1265 
V3-3 778 376 1680 
1S3-3 256 <1 102 990 
2S3-3 228 <1 108 700 
2N5-3 120 <1 88 500 
V5-3 172 <1 92 400 
1S5-3 150 <1 118 330 
2S5-3 110 <1 104 300 
2N7-3 362 (382) 1 (<i) 334 (284) 1590 (1540) 
1N7-3 518 (544) 4 (4) 400 (370) 1970 (1930) 
V7-3 190 (202) <1 (<1) 142 (133) 590 (585) 
1S7-3 188 (200) <1 (<1) 130 (122) 380 (400) 
2S7-3 106 (114) <1 (<1) 108 (94) 350 (340) 
(Data are in parts per million; ( ), reanalysis; <, less than) 
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APPENDIX C 
SEASONAL VARIATION OF COPPER IN DOUGLAS FIR 
Satnpl e June 
Concentration 
September : 
Concentration 
% Variation 
(Sept. to June) 
1 435 1300 +198.9 
2 740 1900 +156.8 
3 1100 1600 +45.5 
4 1100 1700 +54.5 
5 1100 1400 +27.3 
6 1900 2300 +21.1 
7 700 1000 +42.9 
8 1100 2100 +90.9 
9 1400 1900 +35.7 
10 1400 1200 -14.3 
11 1500 2000 +33.3 
12 1100 1300 +18.2 
13 950 1200 +26.3 
14 815 950 +16.6 
15 (CI) 995 1200 +20.6 
16 (C2) 965 1100 +14.0 
17 (C3) 1700 1300 -23.5 
Average 1118 1497 +54% 
Range 435-1900 950-2300 
(Date are in parts per million; Analysis by Rocky Mountain Geo-
chemical Corp.) 
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APPENDIX C 
SEASONAL VARIATION OF MOLYBDENUM IN DOUGLAS FIR 
Sample June 
Concentration 
September 
Concentration 
% Variation 
(Sept. to June) 
1 2 1 -50 
2 8 6 -25 
3 4 2 -50 
4 7 2 -71.4 
5 2 10 +400 
6 7 8 +14.3 
7 23 14 -39.1 
8 2 4 +100 
9 6 2 -66.7 
10 1 2 +100 
11 4 2 -50 
12 1 4 +300 
13 2 6 +200 
14 <1 2 +>100 
15 (CI) <1 2 +>100 
16 (C2) 1 4 +300 
17 (C3) 1 2 +100 
Average 4.3 4.3 +171% 
Range <1-23 1-14 
(Data are in parts per million. Analyses by Rocky Mountain Geo-
chemical Corp.) 
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APPENDIX C 
SEASONAL VARIATION OF LEAD IN DOUGLAS FIR 
Sample June 
Concentration 
September 
Concentration 
% Variation 
(Sept. to June) 
1 340 550 +61.8 
2 460 460 0.00 
3 210 130 -38.1 
4 220 110 -50 
5 200 130 -35 
6 90 210 +13.3 
7 120 130 +8.3 
8 140 240 +71.4 
9 70 100 +42.9 
10 240 280 +16.7 
11 80 150 +87.5 
12 50 90 +50 
13 70 60 -14.3 
14 70 330 +371.4 
15 (CI) 90 80 -11.1 
16 (C2) 1200 5000 +316.7 
17 (C3) 80 70 -12.5 
Average 159 195 +104 
Range 60-460 60-550 
(Data are in parts per million; Analyses by Rocky Mountain Geochemi-
cal Corp.) 
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APPENDIX C 
SEASONAL VARIATION OF ZINC IN DOUGLAS FIR 
Sample June 
Concentration 
September 
Concentration 
% Variation 
(Sept. to June) 
1 1900 3400 +78.9 
2 2200 3300 +50.0 
3 1800 595 -66.9 
4 3000 875 -70.8 
5 3000 880 -70.7 
6 2450 1300 -46.9 
7 515 245 -52.4 
8 650 500 -23.1 
9 455 300 -34.1 
10 370 215 -41.9 
11 370 285 -23.0 
12 480 225 -53.1 
13 175 95 -45.7 
14 215 120 -44.2 
15 750 410 -45.3 
16 800 330 -58.8 
17 780 280 -64.1 
Average 1171 786 -49.4 
Range 175-3000 95-3400 
(date are in parts per million; Analyses by Rocky Mountain Geo-
chemical Corp.) 
